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Frequency multiplexed architecture 



The invention relates to a receiver arranged to simultaneously receive at least a 
first radio frequency signal having a first frequency band and a second radio frequency signal 
having a second frequency band that is at least partly overlapping the first frequency band. 

The invention also relates to a transmitter, to a transceiver, to a method of 
5 receiving and to a method of simultaneously transmitting. 

The present invention can be used in telecommunication systems such as 
Multiple Input Multiple Output or MEMO systems, where a transmitter comprises a first 
number of parallel transmitting branches arranged to simultaneously and parallely transmit 
data, and where the receiver comprises a second number of parallel receiving branches 
10 arranged to simultaneously and parrallely receive data. The first number of transmitting 

branches can be equal to, or differ from, the second number of receiving branches. By using 
these parallel branches, enhancement of data rate and/or channel capacity can be achieved. 
MIMO systems are used in for example cellular radio systems such as GSM or UMTS, 
wireless radio systems such as DECT and in wireless networks such as LANs, WANs or 
15 PANs. 



A prior art telecommunication system is known from US 6,314,147 which 
discloses a receiver comprising several parallel (analogue) receiving branches that are 
20 coupled to inputs of a digital receiver. 



It is an object of the present invention to provide an improved receiver for use 
in for example MEMO systems. To this end, the receiver is arranged to simultaneously 
receive at least a first radio frequency signal having a first frequency band and a second radio 
frequency signal having a second frequency band that is at least partly overlapping the first 
frequency band, the receiver comprising: 

frequency down-converting means for frequency down-converting the at least 
first and second radio frequency signals to at least a first and a second lower frequency 
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multiplexing means for sequentially multiplexing the at « , 
lower frequency signals in. a frequency multiplied siguT ^ ^ 

correlate - ^ " ^ ^ Ae ^ ^ ^ sources can intr^ 

^tednoiseintothepamh^^ p 

common synthesizer for processing me received signals, or when there isT^oTn 
sonree somewhere on the silicon. Correlated noise can lower the da^ T , 
capacity of the receiver. The invention is further hased upon 

multiplexing the received at 1^ «^ . " upon toe insight that by frequency 

P g me received at least first and second radio frequency signals into a sinP T e 

-spectral components of the noise source. "^correlated 

In an embodiment according to the present invention, the receiver further 
comprises an analogue to digital converter for dimtizin* ^ *~ 

multiplexing me information contained in Z^Tj ^ * 
^encymultiplex^^^^ 

^trzet^receivedsignalsineonto^ 

In an embodiment according to the present invention, the receiver further 
comprises demultiplexing means for demultiplexing the disifVerf Z 
signal into at least a first and a second s ig nal wZ , 

conv • f . „ a second signal which is advantageous in that it enables a 

convenient processing of the digitized information. 

m another embodiment according to the nresent .W««« _ 
arranged to simultaneously transmit at least a L 2 T * * 

frequency band and a second mT fr * W ^ a 
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second lower frequency signal into the second radio frequency signal. This embodiment has 
the advantage that by sequentially multiplexing the first and second signals into a single 
frequency multiplexed signal, noise sources can no longer introduce correlated noise into 
signals. 

In an embodiment according to the present invention, the multiplexing means 
comprises a digital to analogue converter (DAC) for converting the sequentially multiplexed 
first and second digital signals to a frequency multiplexed signal. This embodiment has the 
advantage that only a single DAC is required for converting the digital signals to a frequency 
multiplexed signal. 

Embodiments of a transceiver according to the present invention, of a 
receiving method according to the present invention and a transmission method according to 
the present invention correspond with the embodiments of the transmitter and receiver 
according to the present invention. 

These and other aspects of the invention will be apparent from and elucidated 
with reference to the embodiments described hereinafter 



Fig. 1 shows the frequency bands of two radio frequency signals according to 
the present invention. 

Fig. 2 shows a frequency multiplexed signal comprising the frequency bands 
of two sequentially multiplexed lower frequency signals. 

Fig. 3 shows a receiver according to the present invention. 

Fig. 4 shows a transmitter according to the present invention. 

Fig. 4a shows a multiplexer according to the present invention. 

Fig. 4b shows a further multiplexer according to the present invention. 

Fig. 5 shows a transceiver according to the present invention 

Fig. 6 shows a flow chart of a method for receiving radio frequency signals 
according to the present invention. 

Fig. 7 shows a flow chart of a method for transmitting radio frequency signals 
according to the present invention. 

Fig. 1 shows the frequency bands 1 and 3 of two radio frequency signals that 
are having, by means example, equal bandwidths (£2-fl) that are fully overlapping i.e. they 
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oocyte sune fteoueucy ^ M m ■ ■ 

assnnteu. AhetnabvCy, «. fteotten^ lan^mayalso pa^h* 

and 3 R " 4a, " en,!> ' " , * W '" d 8i8Ml **»ncy bands 1 

Fig. 3 show, . n^ 10 to ^ ^ 

of eatonpfe <«o antennaa 30 and 3, tor reeeiving * radio ft^ dgnals S1 ^ — 
Reiver .0 co^se, 32 aad 3, fc frequency fc^^* 

™t" H ^ 82 34 - «y muHip.e.ed Into frequency muWpteKd 
signal S5. MuWplexer 34 conM „ „ • muiupiened 

stands S2 „,„ « Tl " ComraMi <™l ^tag te. ftr ^ 4, 

signals S2 and S4 togeffler. Analogue to digital converter 35 is used to dtafce ton fij 

to sanafy Shannon's .aw, ton working speed oftoe anatogu. to digits, coov^ter M 
.5 should bo « .eaat be twice ton frequency band B of the frequency ■CJZTb Bv 
meana of demuWptaxing unit 36, digital signals S7 S8 eT^ V ^ S3 ' By 

uanrtfcrs.-t, • S7 ' S8 ^^'«»vnred8otoat they can bn 

n«d for ftrther posing to pKKessing megm 3? ^ J ' 

--ponda to ton infonnauon apprised in SI and S3. Altoough, in confraa, to SI iTi 
ingnals S7 ata, SB are digha. aignala. 2b. embodiment a. abownt Pig. 3 ^ a^C 

S5. Tbn entboduneu, has toe further advantoge ton, only a aingln digito. to analogue confer 
37 is required to digitize all received signals. °gne converter 

F * 4 ^" ta ^^^*gtotoepresentinvention.Sbownaxn 
SlOandSll that have been processed by p^tog means 40. By JToT 

mrfhplextng means 41, signals SlOand Sll are frequency nudnplexed into signal 812 1 

SlUhe ntutoptexutg means 4, can be conaunctod aa shown in Pig 4a, whereto ton 
nudup.e*mg tneana comprises a ntuUiplnaer 59 for scqunnuauy ntultfplexing toe digito. 

S 2d - a^ouennv converter, into toe analogue frequency tou.dp.exed signa. S 2. to « 
810 and 811 are analogue signs* toe tnuMpleaer couto bn consulted aa abown in Fig 4b 
whem-nultfera * - 55 are used to shift the freouency of signal S10 and S, 1*1 56 

tou.bpbcat.on. By me., of adder 58, toe sigmd, S.O and S. 1 are adden Jgetoer which 
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results in the frequency multiplexed signal S12. Therefore, S12 comprises two signals S13, 
S14 that are a representation of the original signals S10 and SI 1 . By means of demultiplexing 
unit 48 these two signals S13, S14 can be recovered e.g. by using bandpass filters 42 and 43. 
By means of multipliers 44 and 45 signals S13 and S14 are being frequency up-converted to 
5 signals S15 and S16, respectively. Signals S15 and S16 are subsequently being transmitted 
into the air via antennas 46 and 47. This embodiment has the advantage mat a noise source 
cannot introduce correlated noise into the signals S10 and SI 1 once they are frequency 
multiplexed into signal S12. In addition the invention has the further advantage only a single 
digital to analogue converter 53 is required to convert digital signals S10 and SI 1 into a 
10 single frequency multiplexed signal S12. 

Fig. 5, shows a transceiver 50 according to the present invention. The 
transceiver comprises antennas 5 1 and 52 for receiving and transmitting data. The transceiver 
comprises a receiver 10 and a transmitter 20 which are coupled to processing means (not 
shown here) for processing signals S7, S8 and S10 and SI 1 . 



rig. o snows a now ctiart ot a method for receiving radio frequency signals 
wding to the present invention. In the first sten 60. the at least first b -«™a 



frequency signals SI and S3 are frequency down-converted into at least a first lower 
frequency S2 signal and a second lower frequency signal S3. In the second step 61, signals 
S2 and S3 are sequentially multiplexed into frequency multiplexed signal S5. 

Fig. 7 shows a flow chart of a method for transmitting radio frequency signals 
according to the present invention. In the first step 70 the at least first and second signals S10 
and S 1 1 are sequentially multiplexed into a frequency multiplexed signal S12. Then in step 
71, signal S12 is demultiplexed back into signals S13 and S14. Finally in step 72, signals S13 
and S14 are frequency up-converted into the first radio frequency signal SI 5 and into the 
25 second radio frequency signal S 1 6. 

It is to be noted that the above-mentioned embodiments illustrate rather than 
limit the invention, and that those skilled in the art will be able to design many alternative 
embodiments without departing from the scope of the appended claims. The embodiments 
can he realized in either the analogue or digital domain using analogue and digital 
components. The word "comprising" does not exclude the presence of elements or steps other 
than those listed in a claim. The word "a" or "an" preceding an element does not exclude the 
presence of a plurality of such elements. The mere feet that certain measures are recited in 
mutually different dependent claims does not indicate that a combination of these measures 
cannot be used to advantage. 
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CLAIMS: 



10 



*' Receiver (10) arranged to simultaneously receive at least a first (SI) radio 

frequency signal having a first frequency band (1) and a second radio frequency signal (S3) 
having a second frequency band (3) that is at least partly overlapping the first frequency band 
(1), the receiver comprising: 

ftequency down-conversion means (32,33) for frequency down-converting the 
at least first (SI) and second radio frequency signals (S3) to at least a first (S2) and a second 
(S4) lower frequency signal; 

multiplexing means (34) for sequentially multiplexing the at least first (S2) 
and second lower ftequency signals (S4) into a frequency multiplexed signal (S5). 

2 - Receiver (1 0) according to claim 1 , wherein (1 0) the receiver further 

comprises an analogue to digital converter (35) for digitizing the frequency multiplexed 
signal (S5). 

15 3 ' Receiver (10) according to claim 2, wherein toe receiver (10) further 

comprises demultiplexing (36) means for demultiplexing toe digitized frequency multiplexed 
signal (S6) into at least a first (S7) and a second (S8) signal. 

4. Transmitter (20) arranged to simultaneously transmit at least a first radio 

20 frequency signal (S15) having a first frequency band (1) and a second radio frequency signal 
(S16) having a second frequency band (3) that is at least partly overlapping the first 
frequency band (1), the transmitter (20) comprising: 

signal multiplexing means (41) for sequentially multiplexing at least a first 
(S10) and a second (SI 1) signal into a frequency multiplexed signal (S12); 

demultiplexing means (48) for demultiplexing toe frequency multiplexed 
signal (S12) into at least a first (S13) and a second (S14) lower frequency signal; 

frequency up-converting means (44,45) for frequency up-converting the first 
lower frequency signal (S13) into the first radio frequency signal (S15) and for ftequency up- 



25 
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convertuig the second lower fteqaency sienal rsi4^ ,w« , 

4 uency sl S nal C S14 ) mt0 &e second radio frequency signal 



5. 



Transmitter (20) according to claim 4, wherein the at least first (SI 2) and 
5 second (SI 1) signals are digital signals. l*"J«m 
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6. " to P»)»«^g to ctaem5,wh OTtathe ^ tiplesfagmeans 
comprises a digilal to analogue converter t£h *~ ™,. ... 

. ^^™^( 53 ) ftrMnv c^gniesequentiaUymulth)leied 
firs, and second drgitel signal (SI 2d) to a frequency multiped sigmd (S12). 

7- Transceiver (50) comprising a receiver (10) ma, is arranged to stautaneously 

recerve^ leas, a firs, radio fluency signal (SI) having a firs, frequency band (!) and a 
secondradio frequency signs! (S3) having a second frequeucyband (3) ma. is a.teUarfiy 
ovedappmg me firs, frequency band (1), me receiver (10) comprismg- * 

fim,. S „ „ Si ^^ V ^ 0am ^ (32 - 33)te ^^^wn.« m ve«in g mea, 1 eas, 
fim, (SI) and second radio frequency signal (S3) to a. teaa, . firs. (s2) ^ „ ^ 
lower frequency signal; •««i(»j 

- ^ pl ^^W«>^"cn«aUymmnpl«ingmea, I eas,first(S2) 
and^ loww(s4) ^^ si ^ 3bMafte ^ cymuitipiffl[e(isi ^^ C ) 

8- ^^W^^^clataT.meuanscerverfbrnmrconmrista 
<mnsm«er (20) ma, is arranged to stautaneously tomsmi, a. teas, a mird radio iLel 
s,gnal (SIS) having a mird frequency band (1) and a four* radio frequency signup 

(1) , the transmitter (20) comprising: ' 

" . Si ^ m ^ Pl ^ 8 ^( 4] )fe^oa%muWpl«inga.leas,amird 

(S10) and a second (SI 1) signal into a frequency multiplexed signal (S12)- 

s,gnal (S12) mto at leas, a mird (S13) and a fourth (S14) tower fteouency signal- 
- frequency up-converting means for frequency up-converting the tthd lower 

toqueucy s,gna> (S.3) into me mird mdio frequency signal (S15) and for frequeucy up- 
converting M e fourth lower frequency signal (S.4) into me fborth mdio frequency rfgL 
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9- Method for receiving at least a first radio frequency signal (SI) having a first 

frequency band (1) and a second radio frequency signal (S3) having a second frequency band 
(3) that is at least partly overlapping the first frequency band (1), the method comprising the 
steps of: 

frequency down-converting the at least first (S 1 ) and second (S3) radio 
frequency signals into at least a first lower frequency signal (S2) and a second lower 
frequency signal (S4); 

sequentially multiplexing the at least first (S2) and second (S4) lower 
frequency signals into a frequency multiplexed signal (S5). 

10. Method for transmitting at least a first radio frequency signal (SI 5) having a 

first frequency band (1) and a second radio frequency signal (S 1 6) having a second frequency 
band (3) that is at least partly overlapping the first frequency band (1), the method 
comprising the steps of: 

sequentially multiplexing the at least first (S10) and a second signals (SI 1) 
into a frequency multiplexed signal (S12); 

demultiplexing the frequency multiplexed signal (SI 2) into at least a first 
(S13) and a second lower frequency signal (S14); 

frequency up-converting the first lower frequency signal (S13) into the first 
radio frequency signal (SI 5) and the second lower frequency signal (S14) into the second 
radio frequency signal (SI 6). 
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ABSTRACT: 



A receiver (10) is arranged to simultaneously receive at least a first (SI) radio 
fiequency signal having a first frequency band (1) and a second radio frequency signal (S3) 
having a second frequency band (3) mat is at least partly overlapping the first frequency band 
(1). The receiver has fiequency down-conversion means (32,33) for frequency down- 
converting the at least first (SI) and second radio frequency signals (S3) to at least a first (S2) 
and a second (S4) lower frequency signal and multiplexing means (34) for sequentially 
multiplexing the at least first (S2) and second lower frequency signals (S4) into a frequency 
multiplexed signal (S5). 
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